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INTRODUCTION 
Extensive  glacial-outwash depos i t s  unde r l i e  much of  
southern Frankl in  County. These depos i t s ,  c o n s i s t i n g  pre-  
dominantly of sand and g rave l  with minor amounts of c lay ,  
comprise a  major unconfined aqui feq .  The Ci ty  of Columbus 
developed t h e  South Well F i e l d  i n  t h i s  a q u i f e r  t o  provide a  
p o r t i o n  of t h e  C i t y ' s  municipal  water  supply.  A 1976 
r e p o r t  t o  t h e  C i t y  of Columbus by Alden E .  S t i l s o n  and 
Associa tes  determined t h a t  t h e  South Well F i e l d  w a s  capable 
of producing 50 m i l l i o n  ga l lons  pe r  day (Mgd) based on 
recharge v i a  induced stream i n f i l t r a t i o n  from t h e  Sc io to  
River .  Three r a d i a l  c o l l e c t o r  wel l s  were b u i l t  a long t h e  
Sc io to  River (and a  f o u r t h  a long Big Walnut Creek) t o  
maximize induced stream i n f i l t r a t i o n .  
Radial  c o l l e c t o r  wel l s  work i n  t h e  fol lowing manner. A 
l a r g e  diameter ca i sson  i s  cons t ruc ted  next  t o  a r i v e r  ( i n  
t h i s  case  t h e  Sc io to  River)  and a  s e r i e s  of l a t e r a l  p ipes  
r a d i a t e  outward from t h e  c e n t r a l  ca i sson  under t h e  stream- 
bed t o  induce t h e  flow of r i v e r  water  i n t o  t h e  a q u i f e r  and 
i n t o  t h e  w e l l s .  This he lps  recharge t h e  a q u i f e r  a s  water  
i s  being withdrawn from it, t h u s  a l lowing a  h igher  sus-  
t a i n e d  y i e l d  of ground water.  This type  of system func- 
t i o n s  b e s t  i n  geo log ic  m a t e r i a l s  of high permeabi l i ty .  
S t i l s o n  (1976) es t imated t h a t  over e i g h t y  percen t  of 
t h e  pumpage from t h e  we l l s  would o r i g i n a t e  a s  induced in -  
f i l t r a t i o n  from t h e  Sc io to  River .  I n  r e a l i t y ,  t h i s  f i g u r e  
i s  much lower  and h a s  been c o n t i n u a l l y  r e v i s e d  downward by 
o t h e r  i n v e s t i g a t o r s  (Table 1 ) .  A computer model by  E b e r t s  
(1987) de termined t h a t  o n l y  t h i r t e e n  p e r c e n t  o f  t h e  pumpage 
o r i g i n a t e d  from t h e  S c i o t o  R i v e r .  Th i s  e s t i m a t e  i s  a l s o  
c o r r o b o r a t e d  by geochemical evidence  by d e  Roche and Razem 
(1984) ,  who determined t h a t  approximate ly  twenty  p e r c e n t  of  
t h e  pumpage i n  C o l l e c t o r  W e l l  101  (see F i g u r e  1) i s  river 
wa te r .  
Although t h e  a q u i f e r  may have a h i g h  p e r m e a b i l i t y ,  no 
s t u d y  h a s  ever been performed t o  measure t h e  p e r m e a b i l i t y  
o f  t h e  s treambed d i r e c t l y .  V e r t i c a l  h y d r a u l i c  conduc- 
t i v i t y ,  a f u n c t i o n  o f  p e r m e a b i l i t y  and f l u i d  p r o p e r t i e s ,  i s  
a n  impor tan t  f a c t o r  i n  induced s t r eam i n f i l t r a t i o n .  If the 
s t reambed i s  r e l a t i v e l y  impermeable, t h e  s t r e a m  i s  effec- 
t i v e l y  i s o l a t e d  from t h e  a q u i f e r  a s  a s o u r c e  o f  r e c h a r g e .  
Purwose and Scope 
The purposes  o f  t h i s  s t u d y  a r e  t o  p r e s e n t  and i n t e r p r e t  
v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  d a t a  o b t a i n e d  from direct 
measurements of t h e  S c i o t o  R i v e r  s t reambed w i t h  a seepage  
meter and p iezomete r .  These d a t a  w i l l  b e  ana lyzed  and 
compared w i t h  d a t a  from p r e v i o u s  s t u d i e s .  
Loca t ion  of Study Area 
T h e  s t u d y  a r e a  i s  l o c a t e d  i n  s o u t h e r n  F r a n k l i n  County, 
Ohio, i n  p o r t i o n s  o f  Hamilton Township, Jackson Township, 
and t h e  C i t y  o f  Colunibus. The s tudy  a r e a  i n c l u d e s  the 
S c i o t o  R i v e r  from I n t e r s t a t e  Route 270 t o  S t a t e  Route 665 
(Figure  1) . 
Table 1 
Percentage of Pumpage Derived from Scioto River 
Study Year % Method 
Stilson 197 6 81 Hydrologic Budget* 
Stowe 197 9 74 Hydrologic Budget* 
Weiss & Razem 1980 70 Computer Model 
Razem 1983 32 Computer Model 
de Roche & Razem 1984 20 Geochemical Model 
Ebert s 1987 13 Computer Model 
*Based in part on pumping-test data 
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Fig. l Map of Study Area 
GEOLOGIC SETTING 
Sou.th-central Franklin County lies within the Central 
Lowlands physiographic province (Fenneman, 1 938) . The 
present topography is developed in Wisconsinan Age glacial 
deposits, and has been modified by-post-glacial drainage 
(Figure 2). Topography in the vincinity of the study area 
ranges from mildly sloping to moderately rolling with a 
maximum relief of approximately 150 feet. The Scioto River 
valley in the study area varies from about 3,500 feet to 
5,500 feet in width. 
Unconsolidated Deposits 
The unconsolidated deposits in the study area consist 
of Wisconsinan Age glacial drift and Holocene alluvium. 
The glacial drift is comprised of up to 200 feet of outwash 
sands and gravels, and contains kames and tills. Holocene 
alluvium, derived from the glacial deposits, comprises the 
Scioto River floodplain. 
The depositional history of the glacial deposits is 
complex. At the time of this writing, many of the inter- 
pretations of Ohio's glacial history are being recon- 
sidered. Goldthwait (1959) believed that deposition in the 
area occurred in two substages, the first occurring about 
50,000 years ago and the second, about 22,000 years ago. 
Drilling logs (Stilson, 1976) show a layer of till or 
silty sand of varying thickness overlying the bedrock which 
is in turn overlain by heterogeneous outwash deposits. 
Overlying the outwash is a layer of till or alluvium. The 
kame complex east of the Scioto Valley which includes 
Spangler Hill, and the lower part of the outwash are be- 
lieved to be the product of the first stage of deposition 
(Dreimanus and Goldthwait, 1973). The second 'stage of 
deposition is believed to have partially buried the kame 
complex and deposited the upper outwash and overlying till. 
Figure 3 shows a geologic cross section through the South 
Well Field. 
Much of the glacial deposition was influenced by pre- 
glacial and interglacial valleys. The topography of the 
underlying bedrock is poorly mapped due to the lack of 
wells penetrating to bedrock. The bedrock surface is pro- 
bably a composite surface of drainage networks developed 
during different glacial and interglacial stages. 
The glacial deposits constitute the principal aquifer 
in southern Franklin County. The aquifer is unconfined 
with a saturated thickness of fifty-five to eighty-five 
feet (Norris, 1986) . Eberts (1987) assigned hydraulic 
conductivities of 200 ft/d to 330 ft/d to the aquifer in 
the Scioto River Valley. Vertical hydraulic conductivities 
are believed to be much less. This aquifer originally dis- 
charged to the Scioto River in the study area, but now 
receives,in places,river water due to pumping at the South 
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Fig. 2 Topography of Study Area and Vicinity with Location of Geologic Section A - A' 

Well Field and at the American Aggregates quarry located 
immediately north of Interstate 270 and west of the river. 
Bedrock 
South-central Franklin County i-s underlain by the 
Columbus Limestone, Delaware Limestone, Olentangy Shale, 
and Ohio Shale. These Devonian Age formations are con- 
cealed by the Wisconsinan glacial deposits and the location 
of contacts can only be inferred from well logs, quarries, 
and regional attitude and thickness. Regional dip is 
approximately thirty-one feet per mile south of east 
(Stout, 1941). Collector Wells 101, 103, and 104, along 
the Scioto River, are completed just above the limestone 
surface, whereas Collector Well 115, along Big Walnut 
Creek, is completed to shale (Stilson, 1977). A general- 
ized stratigraphy is presented in Table 2. 
The Columbus and Delaware Limestones constitute a con- 
fined aquifer. Eberts (1987) assigned the bedrock aquifer 
a hydraulic conductivity of 15 ft/d. 
Scioto River 
The Scioto River is 230.8 miles long and has a drainage 
area of 6,517 square miles (Cross, 1967) . It originates in 
Auglaize County near Waynesfield and empties into the Ohio 
River at Portsmouth. The study area is a 4.3-mile segment 
from Interstate 270 to State Route 665. The average 
Table 2 11 
S t r a t i u r a ~ h v  of south-central  Franklin County. Ohio 
(Modified from Eberts, 1987) - 
System 
Quat er- 
nary 
Devonian 
Se r i e s  
Holooene 
P le i s -  
tooene 
Upper 
Hiddle 
Lithology 
S i l t ,  c l ay  and sand 
deposited on the f lood  
p l a ins  of major 
s t r e a m ,  alluvium 
Glaoia l  outrash depos- 
i t e d  a s  s u r f i c i a l  
va l l ey  t r a i n s  dur ing 
Wisconsinan time, 
sand and grave l  
Lenses of sand and 
grave l  up t o  50 f e e t  
th iak beneath thiok 
t i l ls,  deposi ted i n  
buried va l l eys  
T i l l ,  heterogenoue 
mixture of s i l t ,  c l a y  
and sand and grave l ,  
s ca t t e r ed  with lenses  
of sand and grave l  
Blue-black t o  dark- 
brown carbonnceous 
shale, grading from 
massive t o  t h i n l y  
bedded 
Sof t ,  a rg i l l aoeous ,  
blue sha l e  with some 
argi l laoeoue limestone 
Thinly bedded t o  
massive blue-gray 
limestone and ca l -  
careous brown sha l e s  
Brown dolomit ic  lime- 
s tone and gray 
aalaareous a r y s t a l l i n e  
limes tone 
Group o r  
Formation 
Ohio 
Olentangy 
De l a r a r  e 
Columbus 
Haximum 
Thiokneaa, f t . 
2 0 
, 
200 
2 50 
2 50 
4 50 
30 
3 5 
10 5 
gradient  of t h e  r i v e r  i s  2 . 4  f e e t  per  mile i n  t h e  study 
a rea .  . 
The U.S. Geological Survey maintains a gage (03227500) 
on t h e  west bank of t h e  Scioto River a t  t h e  Jackson Pike 
Waste Water Treatment Plant  approximately 2.75 miles north 
of I n t e r s t a t e  270. A l l  discharge da ta  i n  t h e  .study a r e  
taken from records from t h i s  gage. These data  include t h e  
r e tu rn  flow from the  Jackson Pike P lan t .  The average d i s -  
charge of t h e  r i v e r  i s  1,405 cubic f e e t  per  second ( c f s ) .  
The est imated maximum discharge was 138,000 c f s  during t h e  
f lood of March 25, 1913. The minimum recorded discharge 
was 4 7  c f s  on September 6, 1930. I t  i s  unl ike ly  t h a t  t h e  
discharge w i l l  ever drop t h i s  low again due t o  t h e  f a c t  
t h a t  approximately 130 c f s  i s  contr ibuted by t h e  Jackson 
Pike P l a n t .  
The Scioto River i s  a run dominated stream. In t h e  
study area  approximately seventy percent of t h e  r i v e r  was 
mapped a s  run dominated, whereas pools and r i f f l e s  ac- 
counted f o r  eighteen and twelve percent,  respect ive ly .  The 
streambed, i n  t h e  runs and r i f f l e s  sampled, i s  composed of 
poorly so r t ed  sand, cobble, and gravel .  River-bottom pro- 
f i l e s  f o r  each s i t e  a r e  loca ted  i n  Appendix A .  
PREVIOUS STUDIES 
S t i l s o n  (1976) determined t h a t  approximately eighty-one 
percent  of pumpage would be der ived from induced stream 
i n f i l t r a t i o n  on t h e  b a s i s  of a hydrologic budget which was 
i n  p a r t  based on pumping-test data.. The t h r e e  components 
of t h e  hydrologic budget were recharge from p r e c i p i t a t i o n ,  
underflow, and average induced stream i n f i l t r a t i o n ,  The 
t r i b u t a r y  a r e a  of t h e  wel l  f i e l d  was considered t o  be a t  
l e a s t  30,000 f e e t  long (northward from 5,000 f e e t  south of 
Shadevi l le)  and 15,000 f e e t  wide. This budget was a l s o  
based on f i v e  r a d i a l  c o l l e c t o r  wel l s  along t h e  Sc io to  
River. 
Two types  of pumping tests were performed. A s tep-  
drawdown t e s t  was performed t o  determine w e l l  capac i ty  and 
wel l  e f f i c i e n c y .  A cons tan t - ra te  pumping t e s t  of t h r e e  t o  
s i x  days dura t ion  was performed t o  determine t r a n s -  
mis s iv i ty ,  hydraul ic  conduct ivi ty ,  s t o r a t i v i t y ,  and t h e  
e f f e c t i v e  d i s t ance  t o  t h e  l i n e  of recharge. S t i l s o n  (1976)  
used deep and shallow observat ion w e l l s  i n  l i n e s  perpen- 
d i c u l a r  and p a r a l l e l  t o  t h e  Sc io to  River. River w e l l  
p o i n t s  were a l s o  i n s t a l l e d  four  t o  s i x  f e e t  deep i n  t h e  
streambed. 
S t i l s o n  (1976) a r r i v e d  a t  a value f o r  average induced 
i n f i l t r a t i o n  i n  t h e  following manner. F i r s t ,  t h e  e f f e c t i v e  
d i s t ance  t o  t h e  l i n e  of recharge was computed. This  d i s -  
t ance  may be der ived  from t h e  Theis nonequilibrium equation 
o r  t h e  Thiem equation (Rorabaugh, 1 9 5 6 ) .  This i s  based on 
drawdown i n  any two observation wells  i n  a l i n e .  For a 
l i n e  of observation wells  perpendicular t o  t h e  r i v e r  
(between t h e  pumped wells  and t h e  r i v e r ) ,  t h e  d i s t ance  i s  
computed from t h e  following equatiqn. 
r. 
I )  log  (- 
S - 
For a l i n e  of observation wells  p a r a l l e l  t o  t h e  r i v e r ,  t h i s  
d is tance  i s  computed from 
where 
s = drawdown i n  observation well  ( f t ) ,  
r = d i s t ance  from observation well  t o  pumped well  ( f t ) ,  and 
a = e f f e c t i v e  d is tance  t o  l i n e  of recharge ( f t ) .  
Next, t h e  percentage of water derived from t h e  Scioto River 
was ca lcu la ted  from Theis ( 1 9 4 1 ) .  
2 
2 
-f sec u d u  
Pr Z 
0 
where 
Pr  = percentage of pumped water derived from r i v e r ,  
rr = d i s t ance  along l i n e  source from a perpendicular 
from pumping well t o  a  ( f t ) ,  
a  = e f f e c t i v e  d is tance  t o  l i n e  of recharge ( f t ) ,  , 
S = s t o r a t i v i t y ,  
T = t r ansmiss iv i ty  (-gpd/ft2), and 
t = time (days) . 
S t i l s o n  ( 1 9 7 6 ) ,  c i t i n g  Norris ( 1 9 6 9 ) ,  s t a t e d  t h a t  approx- 
imately one-half of t h e  r i v e r  water would o r i g i n a t e  from a 
length of r i v e r  equal t o  twice t h e  e f f e c t i v e  d is tance  t o  
t h e  l i n e  of recharge.  The i n f i l t r a t i o n  r a t e  was ca lcula ted  
from 
where 
I, = i n f i l t r a t i o n  r a t e  through t h e  stream bed ( g p d / f t 2 ) ,  
P r  = percentage of water derived from r i v e r ,  
Q = pumping r a t e  (gpd),  
a  = e f f e c t i v e  d is tance  t o  l i n e  of recharge ( f t ) ,  and 
w = width of r i v e r  ( f t )  . 
16 
The i n f i l t r a t i o n  r a t e  was then standardized t o  a 
p o t e n t i a l  i n f i l t r a t i o n  r a t e  (gpd / f t2 / f t  of head l o s s )  by 
d iv id ing  it by t h e  average head l o s s .  This value was i n  
t u r n  mult ipled by a mean r i v e r  depth t o  obta in  an average 
i n f i l t r a t i o n  r a t e .  The y ie ld ,  based on t h i s  r a t e ,  was 
computed t o  be 41.6 Mgd. Underflow and recharge from 
p r e c i p i t a t i o n  account f o r  an addi t ional  9.8 Mgd, f o r  a 
t o t a l  hydrologic budget of 51.4 Mgd. 
Norris (1986) evaluated t h e  S t i l son  (1976) pumping-test 
da ta  and determined t h a t  S t i l s o n  had made some i n t e r -  
p r e t a t i v e  e r r o r s .  Furthermore, Norris (1986) suggested 
t h a t  t h e  hydraul ic  connection between t h e  r i v e r  and t h e  
aqu i fe r  i s  poor. 
Norris (1986) noted t h a t  pre-pumping ground-water 
l e v e l s  were up t o  four  f e e t  higher than r i v e r  l e v e l .  This 
head d i f fe rence  was evident i n  both deep and shallow wel ls  
leading Norris t o  be l ieve  t h a t  low permeabili ty ma te r i a l s  
were found throughout t h e  aqui fer .  
Norris (1986) f e l t  t h a t  drawdowns i n  r i v e r  wel l  po in t s  
were a c t u a l l y  t h e  r e s u l t  of r a d i a l  flow t o  t h e  wel l s  and 
not v e r t i c a l  flow through t h e  streambed. Well po in t s  
driven four  t o  s i x  f e e t  i n t o  t h e  streambed would, i n  
places ,  penet ra te  t h e  t o p  of t h e  aqui fer .  An e r r o r  i n  
i n t e r p r e t i n g  drawdown would a f f e c t  t h e  ca lcu la t ion  t o  
determine t h e  d is tance  t o  t h e  e f f e c t i v e  l i n e  of recharge. 
Addit ional ly ,  Norris (1986) found t h e  d is tances  t o  t h e  
e f f e c t i v e  l i n e s  o f  r e c h a r g e  t o  b e  e x c e s s i v e .  These d i s -  
t a n c e s  s h o u l d  approximate ly  c o i n c i d e  w i t h  t h e  d i s t a n c e  t o  
t h e  river, b u t  w e r e  i n s t e a d  up t o  4,000 feet beyond it. 
T r a n s m i s s i v i t y  v a l u e s  computed by N o r r i s  (1986) w e r e  
lower t h a n  t h o s e  computed by S t i l s o n  (1976) .  
T r a n s m i s s i v i t y ,  a l o n g  w i t h  d i s t a n c e  t o  t h e  effective l i n e  
o f  r echarge ,  a r e  v a r i a b l e s  used  t o  de te rmine  t h e  p e r c e n t a g e  
o f  pumpage d e r i v e d  from t h e  river. 
F i n a l l y ,  volume-of-cone a n a l y s e s  performed by N o r r i s  
(1986) i n d i c a t e d  a  poor h y d r a u l i c  connec t ion .  I n  t h i s  
method, t h e  volume o f  t h e  cone o f  d e p r e s s i o n  i s  r e l a t e d  t o  
t h e  amount o f  w a t e r  pumped t o  de te rmine  a s t o r a t i v i t y  
v a l u e .  S t o r a t i v i t y  v a l u e s  f o r  a l l  sites excep t  106 ( s o u t h  
o f  S h a d e v i l l e )  w e r e  i n  t h e  conf ined  range .  These v a l u e s  
w e r e  compared t o  v a l u e s  o b t a i n e d  f o r  w e l l s  a l o n g  the  S c i o t o  
br 
R i v e r  a t  P i k e t o n  (Nor r i s ,  1969) .  The P i k e t o n  d a t a  i n d i -  
c a t e d  s t o r a t i v i t y  v a l u e s  g r e a t e r  t h a n  u n i t y ,  s u g g e s t i n g  
, 
t h a t  t h e  r iver was r e c h a r g i n g  t h e  a q u i f e r .  
Other  s t u d i e s  performed a t  t h e  South W e l l  F i e l d  have 
i n c l u d e d  a h y d r o l o g i c  budget  based,  i n  p a r t ,  on t h e  S t i l s o n  
(1976) d a t a  (Stowe, 1979) ,  a  s t r eam-aqu i fe r  w a t e r - q u a l i t y  
s t u d y  (de Roche and Razem, 1984) ,  and computer modeling 
s t u d i e s  (Weiss and Razem, 1980; Razem, 1983; d e  Roche, 
1985; E b e r t s ,  1987) .  
mTHODS OF STUDY 
The f i r s t  s t e p  i n  t h i s  f i e l d  i n v e s t i g a t i o n  was t o  map 
t h e  Sc io to  River and t o  subdivide jt i n t o  t h r e e  r i v e r  
environments: pools ,  runs,  and r i f f l e s .  Mapp'ing was 
accomplished by canoeing t h e  s tudy a rea  and co lo r  coding 
t h e  app rop r i a t e  U.S.Geologica1 Survey 7 1 / 2  minute 
quadrangles .  The da t a  were then  p l o t t e d  on a map wi th  an 
exaggerated r i v e r  width (Figure  4 )  . 
D e f i n i t i o n s  of r i v e r  environments t end  t o  be more 
q u a l i t a t i v e  than  q u a n t i t a t i v e ,  and vary among workers. 
Geomorphologists and sed imento log is t s  use a c l a s s i f i c a t i o n  
based s o l e l y  on pools  and r i f f l e s ,  and do not  recognize  
runs .  For t h e  purposes of t h i s  study,  t h e  terms pool,  
r i f f l e ,  and run a r e  def ined  a s  fol lows.  A r i f f l e  i s  a 
shal low p o r t i o n  of a stream, gene ra l ly  one foo t  o r  l e s s  
deep, where t h e  stream su r f ace  i s  broken by tu rbu lence  due 
t o  streambed composition. A pool  i s  def ined  a s  t h a t  p a r t  
of a stream with  l i t t l e  d i s ce rnab le  cu r r en t  o r  a topograph- 
i c a l l y  depressed bottom. Major pool s e c t i o n s  were gener- 
a l l y  more than  fou r  f e e t  deep.  Other po r t i ons  t h a t  q u a l i f y  
a s  pools  were backwater a r e a s  behind ba r s  o r  i s l a n d s .  
These a r eas ,  however, were t o o  smal l  t o  map. A run i s  
de f ined  a s  an a r e a  of f a i r l y  uniform c ros s  s e c t i o n  wi th  a 
d i sce rnab le  c u r r e n t .  Commonly, t h e r e  was no c l ea r - cu t  
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d i s t i n c t i o n  a s  t o  where a run  ended and a  poo l  began. 
A d d i t i o n a l l y ,  t h e s e  c l a s s i f i c a t i o n s  w i l l  v a r y  w i t h  river 
s t a g e  and w i t h  t i m e .  The river, i n  t h i s  s tudy ,  w a s  mapped 
d u r i n g  low-flow c o n d i t i o n s .  
Streambed V e r t i c a l  Hydrau l i c  Conduc t iv i ty  Measurements 
V e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  measurements w e r e  
de termined by u s i n g  a  seepage  meter and a  p iezometer .  The 
seepage  meter was used  t o  measure Darcy v e l o c i t y  and the  
piezometer  was used  t o  measure v e r t i c a l  h y d r a u l i c  g r a d i e n t .  
V e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  t h e n  was de termined from 
Darcy ' s  law, which i s  r e w r i t t e n  i n  t e r m s  o f  h y d r a u l i c  
c o n d u c t i v i t y .  
where 
K = v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y ,  
Q = f low a c r o s s  t h e  p o r t i o n  o f  streambed covered  by 
the seepage  meter, 
A = c r o s s - s e c t i o n a l  a r e a  o f  t h e  seepage m e t e r ,  and 
& / d l  = v e r t i c a l  h y d r a u l i c  g r a d i e n t .  
The seepage  m e t e r  and p iezometer  w e r e  p l a c e d  one t o  two 
feet a p a r t .  A t  seven sites a l o n g  t h e  S c i o t o  R i v e r ,  t h r e e  
sets o f  seepage  meters and p iezomete r s  w e r e  p l a c e d  i n  a  
l i n e  a c r o s s  t h e  river ( p e r p e n d i c u l a r  t o  t h e  b a n k s ) .  A t  an 
e i g h t h  site,  f o u r  s t a t i o n s  w e r e  used.  River-bottom pro-  
f i les  w e r e  measured a t  e a c h  s i t e  w i t h  a  t a p e  and level rod.  
The p r o f i l e s  and r i v e r  s t a g e s  f o r  each s i te  a r e  included i n  
Appendix A. 
Seepage meters were constructed from both ends of a  
steel 55-gallon drum. Handles were welded on t o p  of t h e  
inst ruments .  A two-inch diameter rubber s topper  i s  in-  \. 
s e r t e d  i n t o  t h e  t o p  o r  s i d e  of t h e  drum and a ' t u b e  pass ing  
through t h e  s topper  on one end i s  a t tached  t o  a  p l a s t i c  bag 
on t h e  o the r  end (see  Figures  5 and 6 ) .  Cherry and Lee 
(1978) provide a  d e t a i l e d  desc r ip t ion  of seepage meter 
cons t ruc t ion .  Modifications t o  t h e  manner descr ibed by 
Cherry and L e e  (1978) included replacing t h e  f l e x i b l e  
p l a s t i c  tub ing  with  a  length  of l a r g e r  ha l f  inch diameter 
s u r g i c a l  tub ing  and using a  s h o r t e r  s i x  inch high b a r r e l  
f o r  shallow r i f f l e s .  
Piezometers were constructed from f i v e  t o  s i x  foo t  
l eng ths  of 1.5-inch diameter steel pipe.  Both ends of t h e  
p ipe  w e r e  threaded.  A sand poin t  with  a  s ix- inch screen 
was a t t ached  t o  one end and a  removable cap was a t tached  t o  
t h e  o t h e r  end. 
Choosing a  s u i t a b l e  loca t ion  t o  p lace  t h e  inst ruments  
i s  imperat ive.  Water depth had t o  be g r e a t e r  than approx- 
imately s i x  inches so  t h a t  t h e  seepage meters could be 
submerged e n t i r e l y .  Water deeper than approximately two 
and a  h a l f  feet was too  d i f f i c u l t  t o  work i n .  On t h e  
Sc io to  River, t h e s e  methods a r e  s u i t a b l e  only under low- 
flow condi t ions  of l a t e  summer and e a r l y  f a l l .  
Fig. 5 Seepoge Meter in Streambed 
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Fig. 6 Side View of Seepage Meter in Streombed 
Measurements were not attempted i f  t h e  discharge a t  t h e  
U.S. Geological Survey gage (03227500) was g rea te r  than 300 
c f s .  
Because of t h e  gravel  and cobble character  of t h e  
Scioto River streambed, placement ~f t h e  seeepage meter 
commonly was laborious.  The instruments were r o t a t e d  i n t o  
t h e  streambed a s  f a r  a s  possible ,  then pounded i n  with a 
s t e e l  post  d r i v e r .  A l l  but t h r e e  o r  four inches of t h e  
b a r r e l  were driven i n t o  t h e  bottom t o  c rea te  an e f f e c t i v e  
s e a l .  With t h e  shor te r  r i f f l e  version, a l l  but approx- 
imately one o r  two inches of t h e  b a r r e l  were submerged 
below t h e  streambed. The seepage meters general ly  were 
allowed t o  remain undisturbed i n  t h e  streambed f o r  2 4  hours 
a f t e r  emplacement and before measurements were made. This 
allowed s h i f t i n g  s i l t  and sand t o  s e t t l e  around t h e  bottom 
of t h e  drum c rea t ing  a t i g h t e r  s e a l .  
Seepage-meter measurements were taken i n  t h e  following 
manner. The p l a s t i c  bag was f i l l e d  with 500 m l  of water. 
After  squeezing a i r  from t h e  bag, t h e  f l e x i b l e  rubber tube 
was clamped and t h e  stopper was inse r t ed  i n t o  t h e  opening 
on t h e  b a r r e l .  Next, t h e  clamp was removed. After  waiting 
t e n  t o  twenty minutes (timed with a s top  watch), t h e  tube 
was clamped and t h e  bag was removed. The volume of water 
was then measured with a graduated cyl inder  and t h e  change 
i n  volume was recorded. The change i n  volume divided by 
t h e  time y ie lds  t h e  flow r a t e  Q .  The flow r a t e  divided by 
the cross sectional area of the seepage meter yields a 
Darcy velocity. A minimum of three measurements were taken 
at each station and a mean Darcy velocity was calculated at 
each station. 
Piezometers were driven eighteen inches into the stream 
bed (as measured from from the center of the screen). 
Water-level measurements were taken with a steel tape in 
the following manner. First, the distance from the top of 
the piezometer to the water level in the river was 
measured. Second, the distance from the top of the 
piezometer to the water level inside the pipe was measured. 
This was accomplished by rubbing chalk on the first foot of 
the tape and subtracting the water line reading from the 
reading at the top of the piezometer. The head difference 
is the difference between the river level and the potentio- 
metric surface inside the pipe (Figure 7). The head 
difference divided by the distance the piezometer is driven 
into the streambed, yields the hydraulic gradient. 
If the head difference in a piezometer was less than 
0.2 feet, it was checked against a measurement made with a 
manometer. In a few cases, the potentiometric surface 
could not be reached at eighteen inches and the piezometer 
was driven into the streambed an additional amount, usually 
six to twelve inches. All piezometers were developed by 
pouring water down the pipe and agitating with an aluminum 
rod. 
Sediment Samples 
Sediment samples were taken at each station by 
inverting a plastic cup and twisting it into the streambed 
(Figure 8). A hole was scooped out by hand next to the cup 
and a hand was placed over the cup as it was brought to the 
surface. The sample was then emptied into a plastic bag. 
All samples were oven-dryed and sieved using standard U.S. 
Geological Survey sieving procedures. Cumulative curves 
plotted for grain-size distribution analysis are located in 
Appendix B. 
Fig. 7 Piezometer in Streambed 
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B - Water Level in Losing Stream 
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Fig. 8 Sediment Sample Collection 
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Hydraul ic  conduc t i v i t y  i s  a  measure of  t h e  a b i l i t y  o f  a  
g e o l o g i c  m a t e r i a l  t o  t r a n s m i t  wa te r  and may vary  s p a t i a l l y  
o r  w i t h  d i r e c t i o n .  V e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  i s  
commonly lower t h a n  h o r i z o n t a l  h y d r a u l i c  conduc t i v i t y .  I n  
, 
a v e r t i c a l  f low pa th ,  s e v e r a l  l a y e r s  w i th  widely  va ry ing  
h y d r a u l i c  c o n d u c t i v i t i e s  may be encountered.  F reeze  and 
Cherry (1979) s t a t e  t h a t  a  format ion wi th  l a y e r e d  he t e ro -  
g e n e i t y  can be r ep l aced  by a  s i n g l e  homogenous a n i s o t r o p i c  
l a y e r .  Th i s  i s  de sc r i bed  by t h e  fo l lowing equa t i on .  
where 
Kv = e q u i v a l e n t  v e r t i c a l  h y d r a u l i c  conduc t i v i t y ,  
Ki = v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  o f  an  i n d i v i d u a l  
l a y e r ,  
d i  = t h i c k n e s s  of an i n d i v i d u a l  l a y e r ,  and 
d = t o t a l  t h i c k n e s s .  
Hydrau l i c  c o n d u c t i v i t y  i s  no t  g e n e r a l l y  cons ide red  a  
t empora l ly  v a r i a b l e  p roper ty ,  however, i n  t h e  case of  
induced s t ream i n f i l t r a t i o n  temporal  v a r i a t i o n s  may b e  an 
impor tant  c o n s i d e r a t i o n .  Hydraul ic  c o n d u c t i v i t y  i s  a 
f u n c t i o n  of t h e  p r o p e r t i e s  of t h e  f l u i d  a s  w e l l  a s  t h e  
p r o p e r t i e s  of  t h e  media. One of  t h e  impor tant  f l u i d  
properties is viscosity,which is a function of temperature. 
River water temperatures may vary approximately 30°c 
seasonally, whereas seasonal variations in ground-water 
temperature are negligible. Hydraulic conductivity values 
increase approximately 2.7 percent for every 1°C increase 
in temperature. Another source of temporal variation is 
the nature of the river itself. Rivers are dynamic systems 
in which sediment is continually being transported and 
deposited. 
See~age-Meter Data 
Vertical hydraulic conductivity measurements were taken 
at twenty-five stations at eight sites. Six sites were 
located in run segments and two sites in riffle segments. 
Additionally, one measurement was taken in a shallow back- 
water pool. Difficulties were encountered at four of the 
twenty-five stations, reducing the number of data points to 
twenty-one. These difficulties included inability to seal 
the seepage meter from the river (twice) and inability to 
measure the head difference in the piezometer (twice). 
Vertical hydraulic conductivity data were adjusted for 
temperature using the following equation modified from 
Walton (1970). 
K v (ADJ) = K~~ 
1% 
where 
K v ( A D J )  = v e r t i c a l  hydraul ic  conductivity of t h e  stream 
bed s tandardized t o  1 2 ' ~  ( f t / d )  , 
Kv = v e r t i c a l  hydraulic conductivity o f  t h e  stream 
bed a t  t e s t  temperature ( f t / d )  , 
p = Coeff ic ient  of dynamic v i scos i ty  a t  r i v e r  water 
temperature during t e s t  (cgs u n i t s ) ,  and 
PT = Coeff ic ient  of dynamic v i scos i ty  a t  1 2 O C  (cgs 
u n i t s )  . 
Coeff ic ients  of dynamic v i scos i ty  were taken from a  graph 
i n  Walton (1970) (Figure 9 )  . 
Adjusted v e r t i c a l  hydraulic conductivity da ta  a r e  
l i s t e d  i n  Table 3 .  Values ranged from a  low of 0.04 f t / d  
t o  a  high of 3.87 f t / d  with a  mean of 0.90 f t / d  and a 
median of 0.31 f t / d .  These va luescorrespondto  t h e  s i l t  or  
s i l t y  sand ca tegor ies  l i s t e d  i n  Freeze and Cherry (1979) 
(Table 4 ) .  
Norris (1983) determined v e r t i c a l  hydraulic conductiv- 
i t i e s  da ta  from t h e  Scioto River stream-bed a t  Piketon, 
Ohio, using pumping-test da ta .  The mean value a t  Piketon 
was 7 . 5  f t / d ,  o r  about an order  of magnitude higher than 
t h e  South Well F ie ld  values,  
Ver t i ca l  hydraul ic  conductivity values a t  t h e  South 
Well F ie ld ,  though apparently low, s t i l l  range over two 
orders  of magnitude. The a r e a l  d i s t r i b u t i o n  of t h e  da ta  
a r e  p l o t t e d  i n  Figure 10. This v a r i a b i l i t y  demonstrates 
t h e  heterogenei ty of t h e  streambed. The lowest values 
encountered were a t  t h e  c o l l e c t o r  well s i t e s .  The highest  
s i t e  mean value was a t  S t a t e  Route 665. 

Table 3 
V e r t i c a l  Hydraul ic  Conduct iv i ty  Values 
Rive rine Unadjusted Kv Kv adjusted to 
Station Setting (ft/d) . Temp OC 12. O 0  (ft/day) 
Mean 
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S t i l s o n  (1976) reported streambed permeabili ty i n  terms 
of i n f i l t r a t i o n  r a t e  per  foot  of head d i f ference .  This i s  
equivalent  t o  t h e  v e r t i c a l  hydraul ic  conductivity divided 
by t h e  d is tance  from t h e  top  of t h e  streambed t o  t h e  center  
of t h e  piezometer sand poin t .  Hydraulic conduct ivi ty  
values from t h i s  study were converted t o  p o t e n t i a l  
i n f i l t r a t i o n  r a t e s  f o r  comparison with da ta  presented by 
S t i l s o n  (1976) (Tables 5 and 6 ) .  F i f t een  out of twenty-one 
values were lower than values l i s t e d  i n  S t i l son  (1976). 
Six values,  however, were subs tan t i a l ly  higher.  I t  should 
be noted t h a t  t h e  S t i l son  (1976) values were based on t h e  
Rorabaugh (1956) method from head losses  i n  r i v e r  w e l l  
po in t s  driven four t o  s i x  f e e t  i n t o  t h e  streambed and 
possibly i n t o  t h e  aqui fer .  Norris (1986) bel ieved t h a t  
t h e s e  head losses  were ac tua l ly  due t o  r a d i a l  flow t o  t h e  
wel l  and not v e r t i c a l  flow through t h e  streambed. The 
r e s u l t s  of t h i s  comparison a r e  inconclusive. 
Low streambed permeabi l i t ies  may be due, i n  p a r t ,  t o  
t h e  streambed being clogged by p a r t i c u l a t e  from waste water 
p lan t  e f f l u e n t .  Under low-flow consi t ions,  over n ine ty  
percent  of t h e  water i n  t h e  Scioto River can be e f f l u e n t  
from t h e  Jackson Pike Waste Water Treatment P lant .  Eberts  
(1987) used a streambed v e r t i c a l  hydraul ic  conductivity of 
0.22 f t / d  f o r  t h e  Scioto River downstream from t h e  p lan t  
and a higher value of 0.67 f t / d  upstream from t h e  p l a n t .  
River discharge,  however, i s  s u f f i c i e n t l y  high, even under 
Table 5 
V e r t i c a l  Hydraul ic  Conduct iv i ty  
Converted t o  I n f i l t r a t i o n  Ra te  
, I, = K &/dl I, = k/d l  
Adj. 12OC Ir (measured) . I, (potential) 
Station &/dl K, (ft/day) Kv (gpd/ft2) dL (gpd/ft2) ' (gpd/ft2/ft head) 
Mean 
Table 6 
I n f i l t r a t i o n  R a t e s  f r o m  S t i l s o n  (1976)  
p o t e n t i a l  
S i t e  P r  dh 1, (spd/ft2)  Ir  (gpd/ft2 head) 
Mean 55% 0 .42  
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low-flow condi t ions ,  t o  provide a  v e l o c i t y  high enough t o  
mainta in  a sand, g rave l ,  and cobble bed i n  most of t h e  
r i v e r .  
Another f a c t o r  t h a t  may in f luence  streambed permea- 
b i l i t y  i s  t h e  presence of a  l a y e r  of al luvium underneath 
t h e  streambed. D r i l l i n g  logs  ( S t i l s o n ,  1976) 'show t h e  
presence of a  c l a y  o r  s i l t y  c l a y  l a y e r  a t  a l l  s i t e s  except 
a t  Co l l ec to r  Well 103. This l a y e r  i s  varying i n  t h i ckness .  
The w e l l  l ogs  and hydrau l i c  conduc t iv i ty  values  determined 
by Norr i s  (1986) i n d i c a t e  t h a t  t h e  a q u i f e r  i s  very  he te ro-  
genous and s t r a t i f i e d .  Assigning a  s i n g l e ,  equ iva len t  
homogeneous a n i s o t r o p i c  streambed permeabi l i ty  va lue  t o  t h e  
heterogeneous stream-aquifer  system could conceivably l ead  
t o  a  v e r t i c a l  hydrau l ic  conduc t iv i ty  even lower t han  t h a t  
of t h e  streambed. This could occur i f  a  l a y e r  of very low 
hydrau l i c  conduc t iv i ty  were t o  occur beneath t h e  streambed 
and were incorpora ted  i n t o  t h e  c a l c u l a t i o n  f o r  equ iva len t  
v e r t i c a l  hyd rau l i c  conduc t iv i ty  descr ibed  by Freeze and 
Cherry (1979) .  
Grai n S i ze  D i s t r i b u t i o n  Data - 
Sieve ana lyses  were performed f o r  a l l  sediment samples 
and semi-logari thmic p l o t s  of weight percen t  f i n e r  versus  
g r a i n  s i z e  were made. Table 7 l i s t s  t h e  uniformity  co- 
e f f i c i e n t  (d60/d10) of each p l o t .  There appears t o  be no 
c o r r e l a t i o n  between v e r t i c a l  hydrau l ic  conduc t iv i ty  and 
Table 7 
Grain Size  Dis t r ibu t ion  Data 
Seepage Hazen Approx- 
M e t e r  Cu mat i o n  
S t a t i o n  Kv ( f t / d )  (d60jd10) dl0~mm) d102 KV ( f t / d )  
u n i f o r m i t y  c o e f f i c i e n t s .  The Hazen e q u a t i o n  was u s e d  t o  
e s t i m a t e  h y d r a u l i c  c o n d u c t i v i t y  v a l u e s .  
2 
K = d,, 
where 
K = h y d r a u l i c  c o n d u c t i v i t y  (cm/s) '- ,  
d l 0  = g r a i n  s i z e  d iamete r  where 1 0  p e r c e n t  o f  g r a i n s  a r e  
f i n e r  (mm) . 
This  v a l u e  was t h e n  lowered by one o r d e r  of  magnitude t o  
approximate v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y .  Again t h e r e  
w a s  no c o r r e l a t i o n  wi th  seepage-meter d a t a  (Table  7 ) .  I t  
a p p e a r s  t h a t  t h e  Hazen e q u a t i o n  i s  no t  v a l i d  f o r  p o o r l y  
s o r t e d  sed iments .  N o r r i s  (1988) s t a t e d  t h a t  g r a i n  s i z e  
d i s t r i b u t i o n  d a t a  from P i k e t o n  were i n c o n c l u s i v e  a l s o .  
Cumulat ive-grain s i z e  curves  a r e  inc luded  i n  Appendix B .  
CONCLUSIONS 
The f o l l o w i n g  conc lus ions  w e r e  reached f o r  t h i s  s t u d y :  
Streambed v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t i e s  a r e  low. 
Values o b t a i n e d  from d i r e c t  measurement o f  t h e  s tream- 
bed w i t h  a  seepage m e t e r  and  p iezometer  a r e  two t o  f o u r  
o r d e r s  o f  magnitude lower t h a n  h y d r a u l i c  c o n d u c t i v i t i e s  
o f  t h e  a q u i f e r .  
The streambed i s  heterogeneous  wi th  r e g a r d  t o  v e r t i c a l  
h y d r a u l i c  c o n d u c t i v i t y  d i s t r i b u t i o n .  I t  would b e  
d i f f i c u l t  t o  a s s i g n  a  s i n g l e  v a l u e  t o  t h e  e n t i r e  
s t reambed.  The lowest  v a l u e s ,  however, w e r e  measured 
a l o n g  s t r e a m  segments a d j a c e n t  t o  t h e  c o l l e c t o r  w e l l s .  
Alluvium under ly ing  t h e  s treambed and a q u i f e r  s t r a t i f i -  
c a t i o n  may c o n t r i b u t e  t o  a n  o v e r a l l  low v e r t i c a l  
h y d r a u l i c  c o n d u c t i v i t y  of  t h e  s t r eam-aqu i fe r  sys tem.  
T h i s  v a l u e  may be  lower t h a n  t h e  streambed i t s e l f .  
Comparison w i t h  s treambed i n f i l t r a t i o n  r a t e s  by S t i l s o n  
(1976) a r e  i n c o n c l u s i v e ,  however N o r r i s  (1986) ,  i n  a  
r e e v a l u a t i o n  o f  t h e  S t i l s o n  (1976) d a t a ,  f e l t  t h a t  t h e  
S t i l s o n  v a l u e s  f o r  s t reambed p e r m e a b i l i t y  and t h e  
p e r c e n t a g e  o f  water  d e r i v e d  from t h e  S c i o t o  River  were 
e x c e s s i v e .  
A n a l y s i s  o f  g r a i n - s i z e  d i s t r i b u t i o n  was i n c o n c l u s i v e .  
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